Importance: Endophthalmitis is a serious complication of intraocular procedures: knowledge of its causative organisms and outcomes may guide prevention and treatment.
INTRODUCTION
Bacterial endophthalmitis is a rare intraocular infection associated with significant ocular morbidity. It may be broadly sub-classified via mechanism of inoculation, which can be either exogenous (following an intraocular procedure or penetrating injury) or endogenous (most typically via a hematogenous, or presumed hematogenous route). 1 Post-procedural endophthalmitis is further divided into acute and chronic forms. 1 Acute post-procedural endophthalmitis is usually defined as occurring within 6 weeks of an intraocular procedure. 2 It has an estimated incidence of between 0.008% to 0.092% following intravitreal injection [3] [4] [5] [6] [7] [8] and 0.03% to 0.70% following cataract surgery. 9, 10 For cases in which vitreous tap is culture-positive, Staphylococcus epidermidis is the commonest causative organism in both post-cataract surgery and post-intravitreal injection cases. 1 A previous meta-analysis, 3 and subsequent single-centre retrospective case series, 2 have both suggested that post-intravitreal injection endophthalmitis is associated with an increased incidence of Streptococcal species infection. Furthermore, the increased burden of Streptococcal spp. endophthalmitis has been demonstrated in one large case series to underlie a statistically significant likelihood of worse visual outcome in post-intravitreal injection cases compared to postcataract surgery cases. 2 Although the precise cause of this previously reported association of Streptococcal spp. infection with intravitreal injection remains unclear, one hypothesis is that it is the result of contamination with oral flora from either the proceduralist, their assistant, or from the patient themselves. 3 As a consequence of this hypothesis and the subsequent increased awareness of the possibility of contamination with oral flora during intravitreal injection, many clinicians performing intravitreal injections don a face-mask or refrain from talking during the procedure, and instruct others present to do likewise. 11 An alternative hypothesis is that the injection procedure may result in microsclerostomies with or without vitreous wicks which, though covered by conjunctiva, may provide a conduit via which microorganisms capable of crossing an intact conjunctiva (such as Streptococcus spp.) may gain access to the intraocular compartment.
The aim of this study was to compare the clinical features, causative organisms and treatment outcomes in patients presenting to Sydney Eye Hospital over the period 1 July 2012 to 31 July 2017 diagnosed with acute bacterial endophthalmitis. We also aimed to compare our data for postintravitreal injection and post-cataract surgery endophthalmitis to a previous study conducted at Sydney Eye Hospital over the time period 1 January 2007 to 31 December 2010. 2 Furthermore, we aimed to compare outcomes between patients who were managed surgically (i.e. with pars plana vitrectomy as part of their treatment) to those who did not require vitrectomy.
METHODS
This was a retrospective case series of patients presenting to Sydney Eye Hospital -a tertiary referral centre serving a population of 7.5 million in the state of New South Wales, Australia -with bacterial, or presumed bacterial, endophthalmitis during the time period 1 July 2012 to 31 July 2017. The study received approval from the appropriate Institutional Review Board (Human Research Ethics Committee, South Eastern Sydney Local Health District).
The diagnosis of all cases was confirmed by a consultant ophthalmologist and was based upon a clinical presentation consistent with a diagnosis of bacterial endophthalmitis, including pain, decreased vision, swelling and/or photophobia. Similarly, all cases had clinical findings consistent with endophthalmitis including anterior chamber cells, fibrin and/or hypopyon, vitritis or loss of the red reflex in combination with vitreous opacities on B-scan ultrasonography (in the event that a view of the vitreous cavity and/or fundus could not be obtained). At presentation, patients underwent a standard 'tap and inject' protocol which has previously been described. 2 A 0.2 mL sample of vitreous was aspirated using a 27G or 25G needle via a trans-pars plana approach. Injection of a combination of empirical broad-spectrum antibiotics (1 mg of vancomycin and 2.25 mg of ceftazadime, each in 0.1 mL) was subsequently performed. All patients were admitted to Sydney Eye Hospital for acute management, which included q1 hourly topical steroid (0.1% preservative-free prednisolone) in all patients and oral fluoroquinolone in the majority (ciprofloxacin or moxifloxacin, dose-adjusted according to renal function and body weight; see below). Some patients underwent further interventions as part of their management, including repeat injection of intravitreal antibiotics or trans-pars plana vitrectomy (see below). The decision to undertake repeat intravitreal injection and/or vitrectomy was at the discretion of the managing vitreoretinal surgeon.
Clinical data were acquired through individual chart review and through review of electronic medical records. In addition to patient demographics, we collected visual acuity (VA) at presentation and at 3 months follow-up, history of diabetes mellitus, the nature of the inciting event, whether or not additional procedures (injection of antibiotics or vitrectomy) were performed, use of systemic or intravitreal steroids, and whether either evisceration/enucleation was eventually required.
For the purposes of statistical analysis, visual acuity estimates were converted to logMAR values. Additionally, visual acuities of counting fingers (CF), hand movements (HM), light perception (LP) were converted to logMAR values using a modification of Holladay's method which has previously been described. 12 Briefly, logMAR values of CF = +2.0, HM = +3.0 and LP = +4.0. No logMAR value was placed on an outcome of no light perception (NLP), however this outcome was ranked below all other VA values in our analysis.
The nature of inciting event was divided into the following categories: post-intravitreal injection, post-cataract surgery, bleb-related, post-traumatic, endogenous and 'others' (which included all remaining miscellaneous cases). All cases were presumed to be acute in nature; that is, an inciting event had occurred within 6 weeks of presentation. Acute post-procedural cases included patients presenting ≤6 weeks following an inciting procedure, regardless of where this was performed. All endogenous cases were presumed to have occurred via a recent inciting systemic procedure/event resulting in haematological dissemination of micro-organisms with seeding to the eye. Although bleb-related cases had antecedent surgery >6 weeks prior to the procedure, they were included in the preliminary analysis, as the inoculation was presumed to have occurred acutely via a trans-conjunctival route (rather than at the time of surgery).
In addition to determining the spectrum of causative organisms by mechanism of inoculation, clinical outcomes for post-intravitreal and post-cataract surgery cases were compared by computing odds ratios (ORs). The primary outcome comparator was likelihood of improvement in acuity at 3 months versus presentation. Secondary outcome measures were presenting visual acuity of CF or less, visual acuity at 3 months of CF or less, likelihood of receiving systemic antibiotics, likelihood of receiving systemic steroid, likelihood of requiring a second intravitreal injection of antimicrobial, likelihood of requiring vitrectomy, likelihood of returning a positive vitreous culture, likelihood of finding Streptococcus spp. as the causative organism and likelihood of evisceration.
In order to explore differences between patients requiring surgical intervention for the management of endophthalmitis and those who could be managed with tap and injection alone, we pooled postintravitreal injection and post-cataract surgery cases and divided these by whether or not vitrectomy was performed. We subsequently compared causative organisms and clinical outcomes between these two groups. Clinical outcomes explored included likelihood of presenting visual acuity of LP or less, visual acuity at 3 months of LP or less, likelihood of receiving systemic antibiotics, likelihood of receiving systemic steroid, likelihood of returning a positive vitreous culture, likelihood of finding Streptococcus spp. as the causative organism and likelihood of evisceration.
Statistical analysis was conducted using the VassarStats package. 13 Significance was assessed using Fisher's exact test (two-tailed). Correction for multiple comparisons was performed using the false discovery rate method first described by Benjamini and Hochberg 14 as implemented by the SDM project FDR calculator. 15 An adjusted probability of ≤0.05 was considered statistically significant.
RESULTS
A total of 248 cases of endophthalmitis were identified over the study period. Of these, 123 (49.6%) were male and 125 (50.4%) were female. The mean age at presentation was 74.8 years (range 27-97 years). A total of 55 patients (22.2%) had diabetes. Intravitreal injection was the most common cause of bacterial endophthalmitis, followed by cataract surgery (Table 1 ). There were 29 cases that were classified as 'other', which included postoperative causes (n = 16), cornea-related causes (n = 9), infected Baerveldt valve/tube (n = 2), and postsuture removal (n = 2).
Of the 248 cases, 128 (51.6%) were culturepositive and 120 (48.4%) were culture-negative. The causative organisms in culture-positive cases in each group are summarized in Table 2 . A total of 29 patients (11.7%) had a second trans-pars plana vitreous 'tap and inject' and 135 (54.4%) patients underwent vitrectomy.
A total of 219 (88.3%) patients were treated with systemic antibiotics, of which 198 (90.4%) were treated with ciprofloxacin and 21 (9.6%) with moxifloxacin. 19 (7.6%) patients were treated with oral steroids. For those who underwent a second transpars plana vitreous 'tap and inject' (n = 29), intravitreal vancomycin and ceftazidime were given in 28 (96.6%) patients and vancomycin monotherapy was given in 1 (3.4%) patient. For those who had a vitrectomy (n = 135), vancomycin and ceftazidime were given in 127 (94.1%) patients, while combinations of vancomycin-clindamycin, amikacin-ceftazidime, vancomycin-ceftazidime-voriconazole and vancomycin monotherapy were given in one (0.7%), one (0.7%), one (0.7%) and four (3.0%) patients, respectively. We specifically compared outcomes in postintravitreal injection cases to post-cataract surgery cases for two reasons (Table 3) . Firstly, these represent the commonest aetiologies of acute postprocedural endophthalmitis. Secondly, we sought to compare the data from our present study to a previous analysis undertaken at Sydney Eye Hospital over an earlier 4 year time period (1st January 2007-31st December 2010 inclusive).
For post-intravitreal injection and post-cataract surgery cases, we compared odds ratios for presenting acuity ≤ CF, any improvement in VA, acuity at 3 months of ≤ CF, use of systemic antibiotics, use of oral steroids, repeat 'tap and inject', likelihood of pars plana vitrectomy, likelihood of returning a positive vitreous culture, likelihood of culturing Streptococcus spp. and likelihood of evisceration (see Table 3 ). Of these comparisons, only the odds ratio of likelihood of Streptococcus spp. infection attained statistical significance (OR = 6.63; 95% CI 1.85-23.73; P = 0.02). In contrast to our previous study from the time period 1 January 2007 to 31 December 2010, we found that Streptococcal spp. infection was more likely in post-cataract surgery cases than in post-intravitreal injection cases. Comparisons between the time period of the current study (1 July 2012 to 31 July 2017) and that of our previous study ( ). No difference between groups was found in likelihood of vision at 3 months of ≤ LP or for the likelihood of any improvement in visual acuity (see Table 4 ), use of systemic antibiotics or steroids or odds of evisceration.
DISCUSSION
This single-centre study confirms that the most common causative organism for the majority of causes of acute bacterial endophthalmitis is S. epidermidis, with the notable exception of bleb-associated endophthalmitis, trauma and endogenous endophthalmitis. In keeping with previous observations, bleb-associated endophthalmitis was most commonly caused by Streptococcal spp. infection. 1, 16 This predilection has been attributed to the ability of Streptococcal spp. to penetrate an intact conjunctival epithelium 17, 18 and to subsequently act as a nidus within a bleb; the latter in turn provides a direct communication with the intraocular compartment.
In contrast to a previous study conducted at Sydney Eye Hospital, 2 we found no evidence to suggest a difference in the likelihood of visual improvement in post-intravitreal injection endophthalmitis when compared to post-cataract surgery endophthalmitis. Furthermore, we observed a reversal in the significantly greater likelihood of Streptococcus spp. being identified as the causative organism in postintravitreal injection cases. Streptococcus spp. infection is associated with severe inflammation and was previously demonstrated to contribute significantly to the poorer outcomes in post-intravitreal injection endophthalmitis cases observed during the time period 1 January 2007 to 31st December 2010. Interestingly, there was a significant difference in the likelihood of Streptococcus spp. infection for postintravitreal injection cases between the time periods 1 January 2007 to 31 December 2010 and 1 July 2012 to 31 July 2017. However, no such difference was found for post-cataract surgery cases. What may account for the decreasing incidence of Streptococcus spp. infection following intravitreal injection? The previously observed over-representation of Streptococcus spp. infection following intravitreal injection is hypothesized to reflect contamination with oral flora at the time of injection. This is based partially on the observation that contamination with droplets/aerosolized saliva is believed to be a common mechanism of inoculation in other procedures conducted in an outpatient or ward setting. [19] [20] [21] [22] Consequently, many ophthalmologists have routinely adopted the wearing of a face-mask (which is standard practice when performing intraocular surgery such as cataract extraction) and asking their patients to refrain from talking when performing injections. Indeed, this practice was incorporated in the Royal Australian and New Zealand College of Ophthalmologist's Guidelines for Performing Intravitreal Therapy, first published in 2012 at the commencement of the study period. 23 Our observations are in keeping with the suggestion that the increased burden of Streptococcus spp. infection previously observed is primarily attributable to contamination with oral flora at the time of injection, rather than due to migration across the conjunctiva with subsequent penetration via a microtunnel or vitreous wick. Specifically, we hypothesize that the increased awareness of the possible role of oral contaminants in post-intravitreal injection endophthalmitis, together with the wearing of face-masks, has decreased the likelihood of infection with Streptococcus spp. following intravitreal injection over time.
Patients requiring vitrectomy were more likely to have a presenting VA of LP or worse, were more likely to have a positive culture and were more likely to have Streptococcus spp. as the causative organisms. These results are perhaps unsurprising when we consider the common indications for vitrectomy surgery for the management of endophthalmitis, and how these may be related to culture results. Following the Endophthalmitis Vitrectomy Study, 24 many vitreoretinal surgeons will perform pars plana vitrectomy on patients with visual acuities of LP or worse; we therefore anticipated that a visual acuity of LP or worse would increase the odds of vitrectomy. Patients with positive cultures and those in whom Streptococcus spp. is cultured are known to have a poor prognosis 2, 18 and might be anticipated to either present with worse vision or to fail to improve with tap and injection alone. Furthermore early positive stain and/or culture results in some cases may have also influenced managing vitreoretinal surgeons in their decision to perform vitrectomy. 
